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ABSTRACT 
Basic research on semantic interoperability is just beginning to address support for 
spatial data and information. This is clearly important for data portals containing 
geographic information system (GIS) layers, as well as supplemental information, often 
with cartographic and decision support tools. Agreements on content/semantic 
interoperability of these resources can help to eliminate the problems of meaning, making 
searches between disparate, but mutually beneficial, projects feasible. In recent years 
significant momentum has occurred in the development of Internet resources for coastal 
environments, where 2.2 billion people live within a 100 km range. A key aspect of this 
trend has been the development of coastal web atlases, based on web-enabled GIS. 
However, current inventories within coastal atlases are insufficient for the purposes of 
networking between them. Each atlas has different classifications of data and information 
(e.g., critical information on coastal erosion that may be needed across a broad 
geographic region as supplied by several different atlases). New semantic web tools and 
evolvement of standard  metadata descriptions and interfaces are opening a road to 
interoperate within atlases. This paper presents  a new semantic mediation approach 
using ontologies and Open Geospatial Consortium standard interfaces. 
 
1. Introduction 
A semantic approach toward the ultimate interoperability of geospatial data has been 
shown to provide higher quality and more relevant information for improved decision-
making [1, 2, 3]. Semantic interoperability is the condition where two or more computer 
systems are able to exchange information and have the meaning of that information 
accurately and automatically interpreted by the receiving system. Semantics are captured 
by associating terms with descriptions and making cross-disciplinary connections 
between them, in order to attach well-defined meaning to data and to other web 
resources. The terms may be agreed upon within an organization, but not necessarily 
between or among other organizations. Similarly, the terminology used to describe similar 
data can vary between specialties or regions, which can further complicate data searches 
and integration. Use of the word “seabed” in Europe versus use of the word “seafloor” to 
describe the same feature in North America is a good example of this scenario, as is the 
interchangeable use of “coastline” versus “shoreline” in both regions. From both a human 
and computational standpoint, users need assurance that the concepts, terminology, 
even the abbreviations that are shared between two or more individuals, systems, or 
organizations are understood by all to mean the same thing. In this way the quality of   2 
data retrieval and subsequent data integration are greatly increased, as they are based 
on meaning rather than on mere keywords (e.g., [4]).  
 
Basic research on semantic interoperability is just beginning to address support for 
spatial data and information (e.g., [5, 6, 7]). This is clearly important for data portals such 
as coastal web atlases (CWA), based on web enabled geographic information systems 
(GIS). A CWA has been defined by [8]  as: a collection of digital maps and datasets with 
supplementary tables, illustrations and information that systematically illustrate the coast, 
oftentimes with cartographic and decision support tools, all of which are accessible via 
the Internet. In recent years significant momentum has occurred in the development of 
Internet resources for decision makers, scientists and the general public who are 
interested in the coast, where worldwide, 20% of humanity lives within a 25 km range, 
and 39%, or 2.2 billion people, live within a 100 km range [9]. CWAs are composed 
primarily of geographic information system (GIS) shapefiles, coverages, raster grids, and 
images. In order to improve the results of queries for information stored in geographic 
databases it is necessary to support better definition for spatial concepts and terms used 
within a discipline such as ocean and coastal management [10] or across different 
disciplines. Agreements on content/semantic interoperability can help to eliminate the 
problems of meaning, making searches between disparate, but mutually beneficial, 
projects feasible. Ontologies provide the mechanism for enabling this. 
 
An ontology is briefly defined as the formalization terms used in a practice or discipline. 
For example specifying terms as a hierarchy of classes. Ontologies represent, in a 
machine-readable language, terms of importance to domains of interest (e.g., CWAs), 
that conform to a community agreement about those domains and to a design for a 
specific purpose [11]. 
 
Ontologies can thus provide the semantic aspects of metadata, both by defining a content 
metadata model [12], as well as the values of the metadata elements [13]. Ontologies can 
provide the logical definition of terms and  the complex relationships between terms, as 
well as the relation between vocabularies used by different domains. Therefore, an 
ontology can provide a common structure to facilitate interoperability (e.g., sharing data) 
between CWAs. 
 
Recognizing the importance of how to formalize the semantics of databases, is a direct 
outgrowth of this next problem. Concept in databases could have an internal and an 
external meaning [14]. A data base uses terminologies, that have an internal meaning 
and that could not be understood in another context. An external meaning of database 
terminologies could be created by relating then to other concepts and formalizing those 
relations in an ontology. The internal meanings stem from meaning given by conditions to 
form a class; [15] identified genus and differentiae, prototypes and probabilities as the 
basis of three types of meaning.  External meaning is established by relationships from 
class to class. The newfound interest in ontology in databases in the late 1990s and 
2000’s is due to working with vocabularies that sort through meanings in a practical way.  
 
Early work on knowledge representation tied the meaning of geospatial data to its use 
[16], as a step beyond metadata use for data integration. More recently, there has been 
considerable work in geospatial ontologies as the basis for semantic data interoperability 
for geospatial data sets [17, 18]. Recent research that takes steps toward contextualizing 
information use in problem solving applications is the next big challenge for research [19, 
20].  
 
This paper addresses the need to examine and develop best practices for achieving 
semantic interoperability between CWAs. Equally important is the development of 
multiple spatial and terminological ontologies to define and operationalize meanings and   3 
formal descriptions. Building the necessary tools to define, verify and deliver these 
ontologies is a significant research challenge [21, 22], as well as understanding gaps and 
inconsistencies in ontologies, trust and verification of the content of ontologies, and 
understanding and handling change in the material represented by ontologies in ways 
that go beyond simple versioning (e.g., [23]).  
 
We report here on the development of a new prototype as a proof-of-concept to provide 
interoperability within two initial CWAs (the Marine Irish Digital Atlas or MIDA, 
[http://mida.ucc.ie], and the Oregon Coastal Atlas or OCA, [http://www.coastalatlas.net]; 
Figure 1).  The approach leverages standard web services, ontologies and semantic 
mediation.  
 
 
   
 
Fig. 1. Established coastal web atlases such as the Marine Irish Digital Atlas, and the Oregon 
Coastal Atlas address coastal management topics for distinct spatial areas, but currently do not 
have the ability to network their inventories. 
 
[24] list several reasons for why ontologies are developed: 
v  To arrive at a common understanding (for human and computer) of a domain; 
v  To facilitate knowledge re-use; 
v  To make explicit the assumptions in a particular domain; 
v  To allow formal analysis of domain knowledge. 
 
The immediate benefits from the implementation of ontologies for CWA interoperability 
are improved data search, discovery, documentation, and accessibility. More specifically: 
v  better/more complete discovery and filtering of data;  
v  clearer, more precise, more computable characterization of data; 
v  contextualization of information, so that it is provided in the right format, place, and 
language; 
v  semantic value, where human users as well as computerized inference engines 
and harvesters can make better use of information, which leads to better display of 
search results, where terms can be substituted if they are equivalent; and 
v  integration of ontologies into existing decision-support tools of a CWA, which will 
then immediately be working with more appropriate data sets. 
As an example, if there is a dataset missing in one atlas, it may be immediately located 
within another. If similar datasets are found in both atlases perhaps they may be 
combined to enhance study in either region. Given that no CWA functions alone as an 
island, and is often part of a larger universe of resources that is needed for effective 
marine spatial planning, resource management, and emergency planning, CWAs must   4 
build a common approach toward managing and disseminating the coastal data, maps 
and information that they contain. Sometimes more than one CWA may be needed in 
order to address regional problems such as hazard mitigation, climate change, 
intergovernmental marine spatial planning, etc. 
 
2. Further Background and Context 
 
Major factors driving the development of CWAs include the need for: 
v  Better planning for increased population pressures in the coastal zone. For 
example, the UN estimates that by 2020 75% of the world’s population will be 
living within 60 km of the coastal zone [25, 26]. 
v  Decision support systems in relation to climate change scenarios in vulnerable 
coastal regions. 
v  Information to facilitate assessments of risk to natural hazards (including 
tsunamis and floods). 
v  Access to data and maps to support marine spatial planning (MSP) as a tool for 
better coastal and marine area management. 
v  Maps of jurisdictional boundaries for maritime territories in support of claims 
related to the United Nations Convention on the Law of the Sea (UNCLOS), 
which has a deadline for submissions of 2013. 
v  More efficient and effective coastal and marine area governance including 
access to relevant data and information. 
v  Information on resource availability and exploitation including habitat and 
species information, as well as ecological and community resilience. 
 
These driving factors have already resulted in the proliferation of ad hoc CWA projects 
that have been designed to address thematic (e.g., fisheries management, recreational 
use) or spatial areas of interest (e.g., country to local level). At the first workshop expert 
delegates examined many of these efforts in Europe and the US. Various common issues 
were identified and discussed including target audiences and user communities, the 
many internet mapping service technologies used, atlas design and usability, available 
functions and tools (including those for decision-support), data accessibility, data and 
metadata compatibility, and institutional and financial support. 
 
While multiple benefits are derived from these tailor-made atlases (e.g., speedy access to 
multiple sources of coastal data and information; economic use of time by avoiding 
individual contact with different data holders), the potential exists to derive added value 
from the integration of disparate CWAs, in order to optimize decision making at a variety 
of levels and across themes. For example, the European Blue Paper on an Integrated 
Maritime Policy for the European Union announced the development of a European Atlas 
of the Seas to serve as an educational tool on European coastal issues and maritime 
heritage [27]. However, current inventories within coastal atlases are insufficient for the 
purposes of networking between them. Each atlas has different classifications of data and 
information (e.g., critical information on coastal erosion that may be needed across a 
broad geographic region as supplied by several different atlases). The question remains: 
how best to access and exchange coastal data, maps, and information via a common 
point, without searching aimlessly within each separate atlas? In other words, how best to 
get these many atlases to truly interoperate? 
 
Major coastal applications for which interoperability between CWAs will be needed 
include: population pressures on the coast; coastal governance and UNCLOS issues; 
resilience of coastal environments and of coastal communities. 
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A primary challenge is that each CWA is going to have different classifications of data 
and information. Access to these data and information through one point is desirable, with 
the help of the ontologies. Therefore, developing an upper level, global ontology (see 
below), one that includes common or reference vocabularies representing the core, will 
support access to fundamental datasets that every CWA is likely to have (e.g., analogous 
to Federal Geographic Data Committee “framework” datasets).  
 
3. Methods 
3.1 Semantic  Mediation  
The approach used in this study for integrating information from atlases is mediation 
(Figure 2). A mediator [28] translates queries between high-level applications to low level 
applications (the local atlases). To translate queries the prototype developed in this study 
uses ontologies and standard interfaces. High-level applications use a global ontology 
and low-level application uses local ontologies. Concepts from local and global ontologies 
are mapped (e.g., termA subclass of termB), thus the mediator knows how to interpret 
query semantics from the high level application to the lower level application. 
 
The prototype relies on standard interfaces implemented in each local atlas. Open 
Geospatial Consortium (OGC) Web Mapping Services (WMS) are made available via 
OGC Catalogue Services for the Web (CSW). A CSW makes available metadata records 
in machine readable way. The prototype uses the CSW – ISO 19115 profile. Each map is 
represented as a standard ISO geospatial metadata record. Each record is tag 
appropriately with local concepts from local ontologies. The mediator knows how to 
communicate with a CSW interface and understands ISO 19115 metadata, and knows 
how to extract the concepts from each record.  
 
 
 
Fig. 2. Diagram of a typical mediation architecture. Several distributed Information systems, IS1, 
IS2, …, ISn, use local ontologies, models, or schemas. A mediator offers a single access point using 
a common global ontology. The mediator uses mapping rules between the global schema and the 
local schemas in order to rewrite the user’s query into queries over the local information systems, 
reformulates the responses conforming to the global ontology and combines them to construct a 
complete response. 
 
Mediator 
IS1  IS2  ISn 
        
    
                           
Global Schema 
Mapping 
Rules  
Query  Response   6 
 
3.2 Architecture of the Prototype 
 
The targeted integrated CWA, called global
1 atlas or super atlas (Figure 3), is a virtual 
atlas that offers transparent access to a variety of distributed and heterogeneous local 
coastal atlases. The notion of “virtual”, in this context, means that local atlas resources 
are not integrated and copied at the integrated level. Rather, they remain at their 
locations and are remotely accessed, harmonised and integrated on the fly depending on 
users’ requests. This allows a high degree of independence and autonomy for the local 
atlases and facilitates extendibility in an architecture where atlases can be added and 
removed at any time without affecting the global atlas, provided that they implement the 
core services specified below (Figure 4). 
 
 
Fig. 3: Flow chart of ontologies developed for use in the proof-of-concept prototype. 
                                                 
1 Please note that the term “global” does not refer to the globe in this context. Rather, it is the term 
used by the database community to refer to the integrated data schema in a mediated approach as 
opposed to local schemas. 
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Fig. 4: In a virtual integration architecture such as mediation, atlases can be added or removed 
quite easily without affecting the super atlas, provided that they have the right connectors. Different 
views and graphical interfaces can be provided to users using the same mediation engine to access 
and integrate local CWAs. 
 
Atlases users could have different concepts in mind to formulate queries. A coastal 
planner or an emergency responder may expect different user interfaces to query 
information in a network of interoperable atlases.  An ontology could be defined for 
different domains of applications, disciplines or communities. A user of a given interface 
can search and select thematic layers for a given region (typically identified by a 
bounding box or a common name). They formulate their queries conforming to the global 
ontology (associated with the interface in question).  The super atlas mediator parses the 
user’s request and rewrites it conforming to local CWAs’ ontologies. Each resulting query 
is sent to the appropriate CWA, which will process it. Information from CWAs are then 
collected, rewritten according to the global ontology and combined, then sent back to the 
user. 
 
Important topics commonly addressed by the coastal atlas user include: coastal erosion, 
flooding (including tsunami inundation and sea level rise), and hazard spills (oil, other 
chemical). Coastal erosion was chosen as an application use case for testing the global 
atlas prototype. It is understood that there are many more topics (such as coral reef 
health and resilience) that interoperable coastal atlas databases would address. For this 
use case, users are provided with a global ontology of topics (themes) related to coastal 
erosion. The user refers to the global ontology and formulates a CSW search request 
using the keywords and the area of interest. The global atlas rewrites the user’s request 
into CSW requests over local atlases’ CSWs using their local ontology terms, executes 
the so-obtained requests, and collects metadata records (responses) from local CWAs. 
Users can consult the metadata records and overlay and visualise the corresponding 
data in a map. Figure 5 illustrates the use cases as well as the proposed user interface. 
 
 
Super Atlas 
Mediator 
MIDA  OCA  Atlas X  Atlas Y 
View 1  View n   8 
 
Fig. 5: Super Atlas use case and proposed interface. 
 
3.3 Global Ontology and Mapping Ontologies 
 
The global ontology, also called super ontology, is a common ontology that defines 
metadata-related controlled vocabularies for the super atlas. A controlled vocabulary is 
defined by the Marine Metadata Interoperability initiative [29] as “a set of restricted words, 
used by an information community when describing resources or discovering data”, 
providing more specificity than just the metadata. Ontologies can both act as registration 
mechanisms for vocabularies, and as a means of mapping vocabularies to each other 
using defined relations. The controlled vocabularies reside in local atlas OWL ontologies 
mapped to terms in a super ontology. 
 
In the current version of the super atlas, the global ontology defines keywords for 
disciplines, themes, places, times and strata conforming to the five ISO-19139 keyword 
types. Relationships between those keywords are defined as part of the global ontology, 
e.g. “Effects of Coastal Change” is a “Coastal Change Topic”; or also “Cork” is within 
“Republic of Ireland”. 
 
The super ontology is: 
v  based on community-held constraints on mapping and presentation 
conventions, developed to maximize the comparability and reliability of 
information about our coasts. 
v  allows integrated searching for data in multiple atlases. 
v  provides a framework for atlas development initiatives. 
v  facilitates cross-jurisdictional collaboration, planning and management. 
v  encourages harmonization among the global atlas community. 
 
The super ontology structure thus provides a recommended framework for building 
regional coastal atlas communities. 
 
Once a super ontology was defined and agreed upon, a demonstration (proof-of-concept) 
was developed to test the interoperability between two CWAs initially. In order to bring 
together two CWAs with similar yet disparate content (thematically and semantically), it 
Given topics, get 
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summary records 
Given a summary 
record, get the full 
metadata record 
Given a metadata 
record, visualise 
data 
Proposed User Interface 
Request  Map 
Metadata Records (Results) 
Metadata Record 1: view    visualize data
   
Metadata Record 1: view    visualize data 
Metadata Record n: view    visualize data   9 
was decided to build two ontologies for them, an OCA.owl (Oregon Coastal Atlas), and a 
MIDA.owl (Marine Irish Digital Atlas) and then map those ontologies to the super 
ontology. It may not be immediately obvious how Oregon and Ireland may need to be 
interoperable, but these two mature atlas efforts can be used as a testbed for 
interoperability. Both provide interactive access to spatial data and metadata via web 
GIS, use similar technologies (open source Minnesota MapServer running on Apache 
web services), and contain metadata meeting national/international standards (i.e., FGDC 
and ISO). This proof-of-concept may then be used to make connections within regional 
partnerships (e.g., the OCA can use lessons learned in developing a regional network of 
CWAs with Washington and California, while the MIDA can do the same for building and 
strengthening atlas networks with the UK, Belgium, and other parts of Europe). The 
prototype is therefore envisioned as a seed application, a template of sorts that can be 
used by many others and develop further from there.  
 
Mapping ontologies connect multiple coastal web atlases via a distributed network by 
defining the mappings and relationships between local ontology terms and the global 
ontology terms. An example is given in Figure 6. The example shows terms of the global 
ontology (followed by prefix ”super:”) together with terms of the MIDA and OCA 
ontologies (respectively followed by prefixes “mida:” and “coa:”). Terms from the same 
ontology can be related, for example the MIDA term “Geology” is more specific / narrower 
(is a relationship) than the MIDA term “Physical Environment”. This is defined as part of 
the MIDA ontology. The OCA term “Hazards” is narrower than the global term “Effects of 
Coastal Change”. This relationship is defined as part of the mapping ontology between 
OCA and the global atlas vocabularies. No relationships need to be defined across local 
ontologies as no communication is required between local atlases. 
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Fig. 6: Diagram showing the use of controlled vocabularies (built from the metadata and ultimately 
revealing which data sets are interoperable and how.  
 
3.4. Coastal Atlas Users and the Importance of 
Interoperability Use Cases 
 
We now elaborate on the importance of use cases in motivating interoperability design. 
Coastal atlas users require various kinds of information depending on societal roles and 
responsibilities. Use cases can be developed around related topics in order to facilitate 
ontology development and ultimately interoperability across CWAs. With regard to any 
particular topic, the kinds of information needed by users commonly vary by the societal 
“roles”. For example, coastal resource managers (as regional planners) commonly need 
access to different information about coastal erosion than would coastal property owners 
or emergency responders. We identify a collection of roles to help further describe the 
need for data interoperability. Roles, sometimes referred to as clients or end-users, 
provide an anchor for understanding data access and needs. The following roles are 
targeted in this example. Other roles do exist. 
 
v  Coastal Resource Manager/Planner 
v  Private Property Owner   11 
v  Emergency Responders  
v  Scientist 
v  Local system administrator  
 
Information system development commonly takes advantage of “use cases” articulated 
on the basis of user roles. Use cases provide a general sense of the information 
requirements for applications. To provide general insight into the different kinds of 
information needed we can articulate questions commonly associated with various 
societal roles. Those questions represent the core aspects of a use case; although there 
are more details for use cases that are beyond the scope of this discussion.  
 
As an example of how the prototype would work in practice, if a coastal planner needs to 
make a map of or obtain data about a specific coastal erosion zone he/she would (Figure 
7): 
1.  Define geographic extent: area or name of place. 
2.  Categorize or state hazard of interest. 
3.  Draw all layers that have a hazard and create a legend. 
 
 
 
Fig. 7: Specific example of how coastal erosion use case might be understood by the user and structured in an 
ontology. 
 
Behind the scenes, in more technical terms, the semantic mediation process includes the 
following steps: 
1)  Data providers publish a CSW which describes WMS. For each WMS description 
there  is  a  topic  associated  with  it,  and  an  associated  XPATH    (XML  Path 
Language) of where to put the topic.   12 
2)  The portal presents English labels for the upper ontology (super terms). 
3)  Users selects one or more. 
4)  The portal finds narrower terms (subclass of the selected terms), via a SPARQL 
query to an ontology repository. 
5)  The portal previously invoked CSW services, extracted the application ontology 
terms and the relation to the endpoint services (e.g., WMS), and stored this in a 
service-ontology. It is desirable to identify the best XPATH for enabling the WMS 
and the topics for associated with each WMS. 
6)  For each narrower term from item 3, the portal finds the associated services in 
the service-ontology. 
7)  The portal invokes each service found and gathers information (end point and 
description). It is desirable to know how to construct the URL for GETRecords 
and XPATH. 
8)  The portal presents links to the map and a brief description. 
 
4. Results and Initial Evaluation 
 
A first version of the global coastal atlas prototype is available at [http://ican.ucc.ie]. 
Figure 8 shows a screenshot of the prototype. The upper portion of the page allows a 
user to build a simple CSW request based on a keywords list (extracted form the global 
ontology) and a bounding box that can be drawn on the map. The lower portion contains 
the response as metadata records, with the possibility of viewing full metadata. 
 
 
 
Fig. 8: Screenshot of the global coastal atlas mediator prototype. 
 
 
The prototype allows the user to:   13 
v  Select keywords from the list of "global" keywords, defined as part of the global 
themes ontology; if you do not select any that means that you are interested in 
EVERYTHING; 
v  Select an area of interest by dragging a bounding box in the map area; if you do 
not select any that means that you are interested in the whole globe; 
v  Submit your query using the “Submit” button in the request division. 
 
The atlas mediator will consult a registry of atlases and identify the atlases that may have 
data within the bounding box selected, as the bounding box is associated with each atlas 
representing its geographic extent. The registry also specifies the location of the CSW 
(Catalogue Service for the Web) of each atlas, used to store and query metadata. 
 
Next, the atlas mediator will translate the global keywords you selected into local (MIDA 
and OCA) keywords using ontology mappings. A local keyword is considered as a 
translation if it is narrower than the global keyword in the user’s request. 
 
Finally, the atlas mediator will send a request to each atlas' CSW using the atlas' 
keywords. This means that the mediator will talk to each atlas CSW in its own language. 
 
Results from the atlases' CSW are collected and sent back to you as summary metadata. 
You can view the full metadata records by clicking the "View full metadata" link. This will 
generate and send a new request to the appropriate CSW and pops up a new window 
with the full metadata record. For the moment the result is in XML. 
 
This is only a proof of the concept prototype. It only uses two atlases; MIDA and OCA. In 
addition, the global keywords list is very short, with very broad topics. Of course this will 
be improved in the future when the complete global ontology is agreed on. 
 
5. Conclusion and Future Directions 
 
The atlas mediator prototype described in this paper is a first step towards atlas 
integration as part of a new International Coastal Atlas Network (ICAN). Technical 
experts, scientists, decision makers and practitioners attending two recent, NSF and EU-
funded Transatlantic Workshops on Coastal Mapping and Informatics 
(workshop1.science.oregonstate.edu), conceived of ICAN, the strategic aim of which is to 
share experiences and to find common solutions to CWA development whilst ensuring 
maximum relevance and added value for the end users. The prototype showcases how 
ontologies and ontology mappings can be used to integrate different heterogeneous and 
autonomous atlases (or information systems), and will be tested further by members of 
ICAN (30 organizations from over a dozen nations).  
 
The specific user focus of ICAN at the outset will be on regional planners/resource 
managers, property owners, emergency response teams, and local CWA system 
administrators (i.e., atlas administrators). In the Section 3.4 above we have described a 
specific use case within the important realm of coastal hazards and within that, the 
specific topic of coastal erosion. The outcomes associated with the use case will improve 
the ability of agency staff to quickly and efficiently analyze local geographic patterns of 
hazards, community development, and regulatory jurisdiction in a regulatory and/or 
planning context. It will also be used internally to more accurately and effectively 
characterize and evaluate issues and impacts related to coastal erosion (initially), but 
could also be used to inform and educate the public and coastal zone management 
community. 
   14 
The prototype will pull all features together within the spatial domain, but will not 
synthesize among the feature classes, so duplicates of data can exist if multiple feature 
classes for the same world referent class exist. This is an example of level 2 support 
(data semantics) for on-the-fly federated databases. 
 
The long-term view is for global level operational interoperability that will evolve as the 
ICAN community strives to increase awareness of the opportunities that exist for 
increased data sharing among policy makers and resource managers as strategic users 
of a CWA. We see ICAN participants as playing a leadership role in forging international 
collaborations of value to the participating nations (e.g., a possible Atlas of the Seas for 
the European Union as discussed by [27]). A major goal is to help build a functioning 
digital atlas of the global coast based on the principle of shared distributed information for 
improved coastal governance. We anticipate important linkages between coastal 
observing and international deep ocean observatories in the context of the Integrated 
Ocean Observatory System (IOOS), where CWAs would naturally provide a nexus. We 
will go about this by organizing a cooperative interoperability and network project to 
globally-integrate locally-maintained coastal atlases as the premier source of spatial 
reference information about the coastal zone of all coastlines throughout the world. By 
developing community-held constraints on mapping and presentation conventions, we will 
maximize the comparability and reliability of information about our coasts. This is done to 
provide a basis for rationally informed discussion, debate and negotiation of sustainable 
management policies for our societies, nations and people throughout the world. This has 
tremendous potential relevance not only on both sides of the Atlantic for the North 
American and European, partners involved, but also has implications for global spatial 
data infrastructures and Internet mapping projects. 
 
Next steps will for the study include: 
v  MIDA and OCA will develop local controlled vocabularies and ontologies focused 
on coastal erosion. 
v  Create a global ontology based on local ontologies. 
v  Develop prototype web interface to facilitate distributed querying and visualisation 
of data from both atlases.  
v  To make the ontologies easily accessible, we will implement general registration 
of the ontologies using CSW with ISO 19139 (an implementation of 19155), as 
well as WMS and WFS. This is an improvement over prior approaches where 
ontologies were developed but it was difficult to make them accessible via open, 
standardized approaches.  
v  Design and implement a semantic mediator tool to perform queries and return 
results. 
v  Prototype evaluation and improvement 
However, the principle is always the same: using ontologies and ontology mappings to 
translate and communicate, as well as using standard interfaces to access and describe 
metadata. 
 
Future research questions/needs: 
v  What ontologies and mappings can be shared? We know that with an upper-level 
ontology we can secure a first level of interoperability, but how can we best 
leverage this at lower levels? 
v  What kind of information needs do we have in terms of large-scale systems in the 
US and European Union? How do we update the systems to meet new needs 
that arise? 
v  What is the best way to facilitate communication with organisations, and to 
accommodate engagement? 
v  How do we maintain momentum and for what purposes? How do we evaluate 
what we’ve done, and then to extend this for the long-term?   15 
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